INTRODUCTION
The giant freshwater crayfish, Astacopsis gouldi Clark 1936 , is the world's largest freshwater crayfish and is endemic to northern parts of Tasmania. It is widely distributed in streams, rivers and reservoirs draining to Bass Strait, as well as in the Arthur River system in far northwestern Tasmania (Swain et a!. 1982) .
The status of A. gouldi has been described as "vulnerable" by the International Union for the Conservation of Nature in its Invertebrate Red Data Book (Wells et al. 1983) , "indeterminately threatened" by Horwitz (1990) and "threatened" by Horwitz (1994) . The main processes that have been identified as having the potential to disrupt populations of this species include fishing pressure and destruction of habitat e.g. through land clearing (Lynch 1969 , Horwitz & Hamr 1988 , Hamr 1990 .
There is little information about the habitat requirements of A. gouldi and how changes in land use affect populations. Changing the land use in a formerly pristine catchment, such as clearing land for agricultural or forestry purposes or the removal of riparian vegetation, is likely to severely dis rupt crayfish habitat. This could happen in several ways. Increased light and temperature levels, modifi cation of habitat structure and a decrease or change in the input of woody material can all result from the removal of riparian vegetation (Graynoth 1979 , Haefner & Wallace 1981 , Silsbee & Larson 1983 , Campbell & Doeg 1989 . These factors can reduce water quality and the number of refuges and amount of food available to the crayfi sh. Conversion of native riparian vegetation to alien species, such as willows and pines, may also reduce available food or refuges. An intact riparian vegetation strip lefr along the stream edge can ameliorate not only these effects but those of other anthropogenic disturbances, such as increases in sedimen tation and pesticides, by acting as a buffer between the land use and the stream system. Intact riparian vegetation also maintains stream integrity and morphology (Erman et al. 1977 , Newbold et al. 1980 , Culp & Davies 1983 .
The aim of this study was to assess the impacts of alteration of catchment vegetation on A. gouldi populations in the Gog Range, northern Tasmania. This was achieved by comparing the abundance and population structure in streams running through catchments with different histories of catchment disturbance, including old Pinus radiata plantations (with regeneration of native riparian components), recently cleared land (with an intact riparian zone), and relatively undisturbed catchments with native vegetation. Some of the sites were subject to fi shing pressure, as indicated by the presence of bait lines.
STUDY SITES
A total of ten sampling sites was established on Garden of Eden Creek, Eel Hole Creek and tributaries of the Minnow River draining the northern face of the Gog Range in northern Tasmania ( fig. 1, table 1 Two sampling sites were established on each of these streams, Al and A2 (on Garden of Eden Creek) and B1 and B2 (on Eel Hole Creek). Sites AI, B1 and B2 were surrounded by natural vegetation, while site A2 was located within the agricultural land section. Pasture up to the waters edge allowed easy access to the water at this site.
The remaining six sampling sites (C1, C2, 01, 02, E1 and E2) were established on three tributaries of the Minnow River ( fig. 1 ). The vegetation surrounding these sampling sites varied from natural regeneration after heavy selective logging (surrounded by old pine plantation), with no streamside reserve, to recen dy clearfelled with no regeneration but with a 40 m streamside reserve required under the Tasmanian Forest Practices Code (table 1) . The dominant remaining native vegetation within the catchments of these streams is similar to that of Garden of Eden Creek, although the understorey in the heavy selectively logged area had a dense understorey of Pomaderris apetala. A native Blackwood (Acacia melanoxylon) plantation was planted within the catchment of site C1, but no regeneration had taken place by the time of the present study. Sedimentation at these sites (as indicated by casual observation) ranged from negligible at sites C2, E1 and E2, with some evident in 01 and 02, to heavy sedimentation of parts of C2.
The clearfelling that took place at sites E1 and E2, where no streamside reserve was left intact, was undertaken on private land. This land has since been purchased by the Forestry Commission.
METHODS
Sampling was carried out during the summer of 1993, from 9 January to 13 March. Each site was sampled nine times during this nine-week period. At each of the ten sites, 150 m of stream was marked with surveyors tape. Between 10 and 15 fresh mutton baits were laid along the same length of the stream each day. All baited lines were inspected periodically throughout the 6-8 hr sampling period each day. If a bait remained untouched for several hours, it was usually moved to a new location within the sampling area. In addition to baiting, crayfish were also collected by hand by overturning logs and rocks wherever possible. A team of two people usually sampled two sites on each day. Thus, the effort used to catch crayfish was the same, wherever possible, at each site over the entire sampling period.
Because of the likelihood of encountering more than one species of Astacopsis in the streams of the Gog Range, each animal caught was identified according to Hamr (1992) . Animals were marked with an unique identifying tail puncture and a number scratched on the top of the carapace. The carapace length (cpl), the length from the rostrum tip to the back of the carapace, and the sex of every individual caught were recorded. Large females were examined for the presence of eggs or young. Animals with soft carapaces were also noted, as this is an indication of the animals having either just moulted or being about to.
As an indication of recreational fishing pressure at each site, the presence of bait lines was noted. The lines were then removed, so that new bait lines could be identified during the sampling period. The greatest number of crayfish were caught at sites B1 and B2 (40 and 42 individuals respectively) in the undisturbed catchment on Eel Hole Creek ( fig. 2) . Approximately half as many crayfish were caught at sites Al and A2 on the Garden of Eden Creek. A total of seven A. gouldi were caught at the six sites on the tributaries of the Minnow River, with highly disturbed catchments.
Catchment disturbance and Astacopsis gouldi
Of the 131 crayfish caught, only 11 were oflegal size (i.e. > 130 mm carapace length). Most animals caught were less than 80 mm cpl, and these were caught at sites AI, A2, B 1 and B2 (fig. 2) . The size distribution of crayfish with carapace lengths greater than 80 mm is evenly spread at all sites. Most of the crayfish from the disturbed sites were large males (greater than 100 mm cpl). Of all the crayfish marked, only 16 (12%) were recaptured at least once.
Three female crayfish carrying young were caught, two individuals at site Al (137.0 and 129.0 mm cpl) and one individual at site B2 (122.7 mm cpl).
Three crayfish were observed moving between sites on Eel Hole Creek (sites B1 and B2). Two males (101.0 and 87.5 mm cpl) were caught and marked at site Bl and subsequently recovered from site B2. A berried female (122.7 mm cpl), originally marked at site B2, was recaptured at site B 1. This indicates that individuals of this species are motile and that marked animals are capable of moving out of the study areas.
Bait lines were observed at all sites except C1 and C2. The only site with old and new bait lines was A2, possibly indicating ongoing fishing pressure at this site.
DISCUSSION
This study has shown that A. gouldi populations are virtually non-existent in streams of catchments that have been heavily: disturbed by clearfelling within the Gog Range. Also, the catches of this species at sites in the undisturbed catchment (Eel Hole Creek) were double that in the stream with the majoriry of its catchment covered by native vegetation but with some catchment disturbance (Garden of Eden Creek). These results are supported by other literature, which indicates that habitat degradation or destruction can be detrimental to populations offreshwater crayfish in Australia and the Northern Hemisphere (Westman 1985 , Geddes 1991 , Merrick 1993 , Horwitz 1994 Firstly, the present habitat in the tributaries of the Minnow River used in this study may be unsuitable for recolonisation. It is unlikely that the present habitats are totally unsuitable for crayfish, because some large crayfish and small Astacopsis already exist there and, as noted earlier, all the streams generaliy reselnble each orher. However, the amount of sediment observed at some sites may be habitat availability in some manner.
Secondly, individual crayfish may be relatively have small home ranges and not readily migrate to new areas. It is unknown how motile A. gouldi individuals are, but crayfish in the present study were recorded moving between sites on the same stream" Also, only a small percentage of animals that were marked over 100 m of stream at each site were recaptured, indicating that they may have moved outside the study areas. These findings suggest that this species is relatively motile and, therefore, it is likely that disturbed areas would be recolonised, if opportunities arose to do so.
Thirdly, there may be no nearby breeding populations to provide recruitment. A large proportion of the catchment of the Minnow Hjver has been cleared for agricultural purposes, and crayfish populations are subject to strong fishing pressure Q. Dudley & J. Nelson, pers. comm.) .
Habitat degradation and fishing pressure within the rest of the Minnow River catchment may limit the numbers of animals that are able to recolonise areas denuded of crayfish. However, the Minnow River is known locally as a good "lobster" creek Q. Nelson, pers. comm) , indicating that it may support a substantial population of crayfish.
Finally, recolonisation may be prevented, due to limited available crayfish passage from recruiting areas. Each of the sites that were sampled on the tributaries of the Minnow River are separated from the Minnow River by between one and four culverts (round pipes laid under roads to allow passage of water). There is increasing evidence that crayfish are not able to negotiate passage thtough culverts, because of the higher velocity of water that travels through them and the smooth sides that do not allow the crayfish to obtain a grip (Horwitz 1991) . However, there is anecdotal evidence which suggests that crayfish can move over land to reach streams. This behaviour is common in the mainland crayfish genus Euastacus (Morgan 1983 ), but it is not known how common it is in A. gouldi.
The influence of fishing pressure on A. gouldi populations in the Gog range cannot be judgedfrom the data produced during this study. Sampling of contrasting populations with and without fishing pressure was only available at sites with highly disturbed catchments and low numbers of crayfish; the small number of animals at these sites would limit the detection of differences between these populations. The sites with relatively undisturbed catchments all had some indication of fishing pressure. However, without knowing the extent of the fishing pressure and the number or size of animals removed by recreational fishers at these sites, it is difficult to determine any effect of fishing.
This has been a small-scale various factors affecting populations of 11. and the conciusions that can be drawn from it arc limircd nature of the sampling design and the lack of the knowledge of the biology, and behaviour of A. 
